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Mechanical High-Intensity Focused Ultrasound (Histotripsy) in Dogs with 
Spontaneously Occurring Soft Tissue Sarcomas 

Ester Yang, Lauren Ruger, Jessica Gannon, Hannah Sheppard, Sheryl Coutermarsh-Ott, 
Timothy J. Ziemlewicz, Nikolaos Dervisis, Irving C. Allen, Gregory B. Daniel, Joanne Tuohy, 
Eli Vlaisavljevich, Shawna Klahn 
Department of Small Animal Clinical Sciences, Virginia-Maryland College of Veterinary Medicine 

Department of Biomedical Sciences and Pathobiology, Virginia-Maryland College of Veterinary Medicine 

Department of Biomedical Engineering and Applied Mechanics, Virginia Tech 

High-intensity focused ultrasound (HIFU) is a non-invasive technique able to ablate tissue 
by either thermal or mechanical means. Histotripsy is a non-thermal HIFU ablative therapy 
that causes mechanical disruption of tissue. Prior rodent studies have demonstrated that 
HIFU is immunogenic. Soft tissue sarcomas (STS) are a common form of cancer in dogs 
with biological behavior similar to humans. Adequate local tumor control in veterinary 
medicine may require extensive surgical resection. There is need for alternative therapies. 
Our objective was to investigate the in vivo feasibility of ablating STS in client-owned 
dogs with histotripsy and to characterize the impact of acute immunologic response. 
Methods: CT of the chest/abdomen/tumor was performed for staging and treatment
planning. Partial tumor ablation was performed using a prototype histotripsy system. 
Anatomical ablation zones were evaluated with CT at 1- and 4-days post-treatment, with 
tumor resection at 4-days post-treatment. Safety was monitored with exams, owner reports, 
and bloodwork. TME gene expression was evaluated with the Nanostring Canine IO panel. 
Multiplex serum cytokine levels were used to evaluate systemic immune response. TME was 
evaluated by characterizing changes in the infiltration of T AMs and TILs using mIHC 
panels. Results: Ten dogs were recruited and treated. Tumor histologies included all STS of 
various subtypes and grades. Differential gene expression analysis identified 79 genes with 
at least 2-fold upregulation between treated and untreated groups. Genes associated with 
inflammation, stress, immune cell migration and interactions were the highest upregulated. 
Myeloid compartment, NK cell functions, and interleukin gene sets obtained the highest 
significance score. There were no statistically significant differences in plasma cytokine 
concentrations between groups. In more than half of all examined samples, mIHC 
investigating macrophage populations showed mild to marked increases in IBA-1 and 
CD206 double-positive cells, representing M2-polarized macrophages. There were no 
significant differences in lymphocyte staining between groups. Conclusions: Histotripsy 
can achieve safe and effective tumor ablation in dogs with STS. Changes in the tumor 
microenvironment reflect increases in the expression of genes associated with 
inflammation, matrix remodeling, and immune cell interactions. Histotripsy as an 
immunotherapeutic treatment option needs to be further investigated. 

Support: Focused Ultrasound Foundation 


























































































































